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TECHNICAL FIELD 

[0001] This patent document relates to phase-locked 
loops, and more particularly, to methods and circuits for 
determining when a feedback clock is locked to a reference 
. clock. 

BACKGROUND INFORMATION 

[0002] A phase-locked loop (PLL) compares the phase 
difference between a reference clock signal and a feedback 
clock signal and adjusts the frequency of the feedback clock 
signal to synchronize the clock signals. The frequency of 
the feedback clock signal locks to the frequency of the 
reference clock signal. Various circuits exist for 
determining when the clock signals are locked. A 
conventional way to determine when a feedback clock signal 
is locked to a reference clock signal involves counting the 
cycles of the feedback clock signal during the time it takes 
to count a predetermined number of cycles of the reference 
clock signal. The feedback clock signal and the reference 
clock signal are considered to be locked when the difference 
between the cycle count of the feedback clock signal and the 
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predetermined number of cycles of the reference clock signal 
falls within a desired range. 

[0003] Figure 1 (prior art) illustrates a conventional 
lock detector 10 operatively associated with a phase-locked 
loop (PLL) 11. PLL 10 includes a phase detector 12, a 
charge pump 13, a loop filter 14, a voltage-controlled 
oscillator (VCO) 15 and a frequency divider 16. Phase 
detector 12 compares the phase of a feedback clock signal 
(FBCKL) 17 to the phase of a reference clock signal (REFCLK) 
18. Depending on the phase difference, phase detector 12 
outputs up and down control signals causing charge pump 13 
to add charge to and subtract charge from its output lead. 
The voltage on the output lead of charge pump 13, after 
being filtered by loop filter 14, becomes the control 
voltage for VCO 15. VCO 15 outputs an output clock signal 
19 having a higher frequency when the control voltage 
increases and a lower frequency when the control voltage 
decreases. Frequency divider 16 receives output clock 
signal 19, divides signal 19 down to a lower frequency, and 
outputs FBCKL 17. 

[0004] Lock detector 10 includes a feedback latch 20, a 
reference latch 21, a feedback counter 22, a reference 
counter 23 and a match detector 24. Feedback latch 20 
receives FBCLK 17 and outputs an indication of each rising 
edge of FBCLK 17. Feedback counter 22 counts the number of 
rising edges indicated by feedback latch 2 0 and sends count 
signals indicative of the current total count to match 
detector 24. Reference latch 21 receives REFCLK 18 and 
outputs an indication of each rising edge of. REFCLK 18. 
Reference counter 23 receives the output of reference latch 
21 and counts the number of rising edges up to a 
predetermined number. When the count reaches the 
predetermined number, reference counter 23 sends a freeze 
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signal to match detector 24. At the moment match detector 
24 receives the freeze signal, match detector 24 determines 
the difference between the current total count indicated by 
the last count signal and the predetermined number counted 
by reference counter 23. 

[0005] Match detector 24 outputs a lock detect signal 25 
indicating whether FBCLK 17 is locked to REFCLK 18, and by 
inference indicating that PLL output clock signal 19 is an 
exact, predefined, multiple of REFCLK 18". For example, lock 
detect signal 25 can be a digital one indicating "lock" or a 
digital zero indicating u out of lock." Where reference 
counter 23 is set to count eighteen cycles of REFCLK 18, 
match detector 24 outputs signal 2 5 indicating "lock" when 
seventeen, for example, is the value of the last count 
signal received from feedback counter 22 immediately prior 
to receiving a freeze signal from reference counter 23. 
Match detector 24 outputs signal 25 indicating "out of lock" 
when feedback counter 22 counts, for example, sixteen cycles 
of FBCLK 17 during the time it takes for reference counter 
23 to count eighteen cycles of REFCLK 18. Thus, in this 
example, lock detector 10 indicates that FBCLK 17 is locked 
to REFCLK 18 when the average frequency of FBCLK 17 varies 
by less than 2/l8 ths of the frequency of REFCLK 18. 
[0006] Figure 2 (prior art) illustrates a shortcoming of 
lock detector 10. Lock detector 10 indicates that two 
signals are locked based on the average number of rising 
edges of those signals over a period of time, even where 
those signals have different frequencies during portions of 
that period of time. Over a first time period 26, lock 
detector 10 indicates that FBCLK 17 and REFCLK 18 are 
locked. During the beginning and end portions of time 
period 26, however, FBCLK 17 has a lower frequency than 
REFCLK 18. During the middle portion, FBCLK 17 has a higher 
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frequency. If data is transmitted on PLL output clock 
signal 19 because lock detector 10 indicates that FBCLK 17 
and REFCLK 18 are locked, the fluctuations in frequency of 
FBCLK 17, and therefore of the frequency of output clock 
signal 19, can cause unreliable data transmission. Lock 
detect or 10 also indicates that FBCLK 1 7 and REFCLK 1 8 are 
locked over a second time period 27 (and by inference that 
the PLL output clock signal 19 is an exact, predefined and 
stable multiple of REFCLK 18) , even though the frequency of 
FBCLK 17 (and therefore output clock signal 19) is not 
stable over the second time period 27. 

[0007] Because only average frequency of clock signals is 
compared, the reference and feedback clock signals are 
counted for a relatively long period of time to increase the 
probability that the feedback clock signal is stable and, 
therefore, truly locked. The predetermined count number of 
reference clock cycles is typically much greater than 
eighteen and can undesirably delay circuit startup time. 
Thus, lock detector 10 reliably indicates whether two 
signals are locked only after the relatively long period of 
time, for example, five hundred twelve reference clock 
cycles. Moreover, where lock detector 10 counts for five 
hundred twelve cycles of REFCLK 18, both reference counter 
23 and feedback counter 22 are physically large counter 
circuits that occupy valuable space on a semiconductor die. 

[0008] A circuit is thus desired that detects when two 
clock signals are locked and does not indicate frequency 
lock based on the average frequency of each clock signal 
over a period of time. 

SUMMARY 

[0009] A lock detection circuit operatively associated 
with a phase-locked loop detects when a feedback clock 
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signal is locked to a reference clock signal . The lock 
detection. circuit counts the number of rising and falling 
edges of the feedback clock signal that are detected between 
rising edges of the reference clock cycle. The lock 
detection circuit then counts the number of consecutive 
valid cycles of the reference clock signal during which a 
single rising edge and a single falling edge of the feedback 
clock signal are detected. The lock detection circuit 
asserts a lock signal when the number of consecutive valid 
cycles counted exceeds a predetermined number. 
[0010] The lock detection circuit has three states: no 
lock, wait for lock, and lock. When the lock detection 
circuit is in the lock state and detects a reference clock 
cycle that is not valid, the lock detection circuit remains 
in the lock state if a single rising edge and a single 
falling edge of a skewed feedback clock signal are detected 
during the next reference clock cycle. The lock detection 
circuit then continues to detect whether the skewed feedback 
clock signal is locked to the reference clock signal. 
[0011] A method of operation of the lock detection 

circuit is disclosed in which the lock detection circuit 
passes among three states depending on the number of rising 
and falling edges of the feedback clock signal detected 
between rising edges of the reference clock signal. The 
lock detection circuit attains the wait-f or-lock and lock 
states based on the detected edges of both the reference 
clock and a skewed reference clock. 

[0012] Embodiments and additional novel aspects are 
described in the detailed description below. The allowed 
claims, and not this summary, define the scope of the 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The accompanying drawings, where like numerals 
indicate like components, illustrate embodiments of the 
invention. 

[0014] Figure 1 (prior art) is a simplified block diagram 
of a lock detector and a phase-locked loop of the prior art. 
[0015] Figure 2 (prior art) is a waveform diagram of 
reference and feedback clock signals that are determined to 
be locked using the prior art lock detector of figure 1. 
[0016] Figure 3 is a flowchart of steps for detecting 
whether a feedback clock is locked to a reference clock. 
[0017] Figure 4 is a simplified block diagram of a lock 
detection circuit in accordance with one embodiment. 
[0018] Figure 5 is a waveform diagram of signals present 
on nodes of the lock detection circuit of figure 3. 
[0019] Figure 6 is a simplified block diagram of one 
specific embodiment of the lock detection circuit of figure 
3 . 

[0020] Figure 7 is a state table listing possible states 
of a valid cycle counter in accordance with one embodiment. 
[0021] Figure 8 is a flowchart of a method in accordance 
with one embodiment . 

[0022] Figure 9 is a more detailed block diagram of the 
specific embodiment of the lock detection circuit of figure 



[0023] Figure 10 is a waveform diagram of signals present 
on nodes of the lock detection circuit of figure 3. 



DETAILED DESCRIPTION OF THE DRAWINGS 

[0024] Figure 3 is a flowchart showing steps 30-35 of a 
method for detecting whether a feedback clock signal is 
locked to a reference clock signal. Figure 4 is a 
simplified diagram of a lock detection circuit 36 that 
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carries out the method of Figure 3 . The various signal 
labels refer to both the signal and the corresponding 
circuit node. Whether a given designation refers to a node 
or a signal will be clear from the context. 
[0025] Lock detection circuit 36 includes a valid cycle 
detector 40 and a valid cycle counter 41. Valid cycle 
detector 40 receives a feedback clock signal (FBClk) 37 and 
a reference clock signal (refClk) 38 and determines the 
cycle periods of refClk 3 8 by detecting rising edges of 
refClk 38 (step 30) . Valid cycle detector 40 detects (step 
31) rising and falling edges of FBClk 37 during a cycle 
period of refClk 38. Valid cycle detector 40 designates 
(step 32) the cycle period of refClk 38 as "valid" if a 
single rising edge and a single falling edge of FBClk 37 are 
detected between successive rising edges of refClk 38. A 
valid cycle signal (validCycle) 42 is output by valid cycle 
detector 40 and is supplied to valid cycle counter 41. 
Valid cycle counter 41 counts (step 33) the number of 
consecutive cycle periods of refClk 38 that are designated 
as valid. If the number of consecutive valid cycle periods 
as determined by valid cycle counter 41 (step 34) equals a 
predetermined number, then the valid cycle counter 41 
asserts (step 35) a lock signal 39. 

[0026] Figure 5 shows waveforms of various signals on 
nodes of valid cycle detector 40. The waveforms illustrate 
when valid cycle detector 40 asserts validCycle signal 42 
for two sample cycles of refClk 38. In the first sample 
cycle, refClk 3 8 and FBClk 3 7 have the same frequency and 
phase. A rising edge 43 of FBClk 3 7 occurs at the same time 
as a rising edge 44 of refClk 38. Valid cycle detector 40 
detects rising edges of refClk 38 using a flip-flop that 
exhibits a setup and hold time 45. Valid cycle detector 40 
might detect rising edge 43 during setup and hold time 45. 
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On the other hand, during setup and hold time 45, valid 
cycle detector 40 might not detect rising edge 43 of FBClk 
37 due to a setup-and-hold violation, in which case 
posEdgeFBClk signal would not be asserted. Thus, valid 
cycle detector 40 would detect only a falling edge 46 of 
FBClk 37 between rising edge 44 and an immediately following 
rising edge 47 of refClk 38. negEdgeFBClk, but not 
posEdgeFBClk, would thus be asserted for the first sample 
cycle. No validCycle signal 42 would be asserted because 
valid cycle detector 40 would not detect a single rising 
edge and a single falling edge of FBClk 3 7 between 
successive rising edges of refClk 38. 

[0027] After a cycle of refClk 38 for which validCycle 
signal 42 has not been asserted, lock detection circuit 36 
delays FBClk 37 to produce a skewed FBClk 48. A rising edge 
49 of skewed FBClk 48 occurs after setup and hold time 45. 
For the second sample cycle of refClk 38, valid cycle 

* 

detector 40 detects rising edge 49 of skewed FBClk 48, and 
posEdgeFBClk signal is asserted. Valid cycle detector 40 
detects rising edge 4 9 and a falling edge 50 of skewed FBClk 
48 between rising edge 47 and an immediately following 
rising edge 51 of refClk 38. Because both posEdgeFBClk and 
negEdgeFBClk are asserted for the second sample cycle, 
validCycle signal 42 is asserted. 

[0028] When FBClk 37 and refClk 38 have the same 
frequency, valid cycle detector 40 will assert validCycle 
signal 42 only if FBClk 37 is phase shifted by an amount 
greater than setup and hold time 45 and less than half the 
reference clock cycle period minus the setup and hold time 
45. Thus, half a cycle period of refClk 38 minus the setup 
and hold time 45 is the maximum phase shift for which lock 
detection circuit 36 will indicate that two signals of the 
same frequency are locked. 
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[0029] Figure 6 shows valid cycle detector 40 and valid 
cycle counter 41 of one specific embodiment of lock 
detection circuit 36 in more detail. Valid cycle detector 
4 0 includes a FBClk skew circuit 52, an edge counter 53 and 
valid cycle logic 54. Valid cycle counter 41 includes 
skewing logic 55, a lock state machine 56, out of lock logic 
57 and a cycle counter 58. Figure 6 also shows signal paths 
between the components of lock detection circuit 36. FBClk 
skew circuit 52 receives FBClk 37 and outputs either FBClk 
37 or skewed FBClk 48, depending on the value of a skew 
signal that FBClk skew circuit 52 receives from skewing 
logic 55. In each case, FBClk skew circuit 52 also outputs 
the inverted signals FBClkb or skewed FBClkb. 
[0030] Edge counter 53 receives refClk 38, as well as 
either FBClk 37 or skewed FBClk 48. Edge counter 53 counts 
the rising and falling edges of FBClk 37 or skewed FBClk 48 
that occur between consecutive rising edges of refClk 38. 
Valid cycle logic 54 receives signals from edge counter 53 
indicative of the number of rising and falling edges of 
either FBClk 37 or skewed FBClk 48, as the case may be, and 
asserts validCycle signal 42 after edge counter 53 has 
counted a single rising edge and a single falling edge of 
"either FBClk 37 or skewed FBClk 48. 
[0031] Valid cycle logic 54 outputs validCycle signal 42 
to valid cycle counter 41. Both skewing logic 55 and lock 
state machine 56 of valid cycle counter 41 receive 
validCycle signal 42 from valid cycle logic 54. Valid cycle 
counter 41 passes through various states depending both on 
the number of consecutive refClk 3 8 cycles for which 
validCycle signal 42 is asserted, as well as on whether 
validCycle signal 42 is asserted in relation to FBClk 37 or 
skewed FBClk 48. Lock state machine 56 passes through three 
states depending on the value of three signals received by 
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lock state machine 56 and the value of a waitOutLock signal 
received by out of lock logic 57. The three input signals 
of lock state machine 56 that control the states are: a 
noValidCyc signal, a fullCount signal and validCycle signal 
42. The three states of lock state machine 56 are: no lock, 
wait for lock and lock. 

[0032] Cycle counter 58 increments for each valid cycle 
that occurs during the wait-f or-lock state. When the 
maximum value of cycle counter 58 has been attained, cycle 
counter 58 asserts the fullCount signal, which passes valid 
cycle counter 41 into the lock state. 

[0033] Figure 7 is a state table listing the possible 
states of valid cycle counter 41 as a function of the 
noValidCyc signal, the fullCount signal and validCycle 
signal 42, as well as of the waitOutLock signal. 

[0034] Figure 8 illustrates the operation of valid cycle 
counter 41 by showing steps for passing among the states: no 
lock, wait for lock and lock. In a first step 59, a reset 
signal passes valid cycle counter 41 into the no-lock state. 
In a next step 60 that occurs during a successive cycle of 
refClk 38, valid cycle counter 41 passes into the wait-f or- 
lock state if validCycle signal 42 is asserted. In a step 
61, if validCycle signal 42 is asserted during the next 
cycle of refClk 38, cycle counter 58 increments and counts a 
first valid cycle. In a step 62, if the incremented count 
of cycle counter 58 is the maximum value of cycle counter 
58, valid cycle counter 41 passes into the lock state. If 
the incremented count in step 62 is not the maximum value of 
cycle counter 58, valid cycle counter 41 remains in the 
wait-f or-lock state and returns to step 61. If validCycle 
signal 42 is again asserted in step 61, cycle counter 58 
increments and counts a second valid cycle. Each time 
validCycle signal 42 is asserted, steps 61 and 62 are 
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repeated until the full count of cycle counter 58 is 
reached. 

[0035] In step 63, valid cycle counter 41 remains in the 
lock state if validCycle signal 42 is asserted during the 
next cycle of refClk 38. If validCycle signal 42 is not 
asserted, valid cycle counter 41 remains in the lock state 
until the next cycle of refClk 38, but then in step 64 
determines whether validCycle signal 42 is asserted based on 
skewed FBClk 48 (as opposed to FBClk 37) . If validCycle 
signal 42 is not asserted based on skewed FBClk 48 in step 
64, valid cycle counter 41 passes back into the no lock 
state, and the operation of valid cycle counter 41 proceeds 
from step 60. If validCycle signal 42 is asserted in step 
64, valid cycle counter 41 remains in the lock state using 
skewed FBClk 48. 

[0036] In a step 65, if validCycle signal 42 is asserted 
during the next cycle of refClk 38, valid cycle counter 41 
repeats step 65 and remains in the lock state. If 
validCycle signal 42 is not asserted in step 65, valid cycle 
counter 41 remains in the lock state until the next cycle of 
refClk 38, but then in step 66 determines whether validCycle 
signal 42 is asserted based on non-skewed FBClk 37 (as 
opposed to skewed FBClk 48) . 

[0037] In step 66, if validCycle signal 42 is asserted 
during the next cycle of refClk 38, valid cycle counter 41 
remains in the lock state, but returns to step 63 and 
continues to determine whether validCycle signal 42 is 
asserted based on non-skewed FBClk 37. If validCycle signal 
42 is not asserted in step 66, valid cycle counter 41 passes 
back into the no lock state, and the operation of valid 
cycle counter 41 proceeds from step 60. 

[0038] Returning to step 60, if validCycle signal 42 is 
not asserted, valid cycle counter 41 nevertheless passes 
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into the wait-f or-lock state, but then in a step 67 
determines whether validCycle signal 42 is asserted based on 
skewed FBClk 48. If validCycle signal 42 is not asserted 
during the next cycle of refClk 3 8 in step 67, valid cycle 
counter 41 passes back into the no lock state, and the 
operation of valid cycle counter 41 proceeds from step 60. 
If validCycle signal 42 is asserted in step 67, cycle 
counter 58 increments and counts a first valid cycle using 
skewed FBClk 48. During the next cycle of refClk 3 8 in a 
step 68, if the incremented count of cycle counter 58 is the 
maximum value of cycle counter 58, valid cycle counter 41 
passes into the lock state using skewed FBClk 48, If the 
incremented count in step 68 is not the maximum value of 
cycle counter 58, valid cycle counter 41 remains in the 
wait-f or-lock state (using skewed FBClk 48) and returns to 
step 67. If validCycle signal 42 is again asserted in step 
67, cycle counter 58 increments and counts a second valid 
cycle. In step 68, if the incremented count of cycle 
counter 58 is the maximum value of cycle counter 58, valid 
cycle counter 41 passes into the lock state using the skewed 
FBClk 48 and proceeds with step 65. 

[0039] Figure 9 is a more detailed block diagram of the 
specific embodiment of lock detection circuit 36 of figure 
6. Figure 9 shows FBClk skew circuit 52, edge counter 53 
and valid cycle logic 54 within valid cycle detector 40. 
FBClk skew circuit 52 has two delay elements 69 and 70 that 
delay FBClk 3 7 and FBClkb to generate skewed FBClk 4 8 and 
skewed FBClkb, respectively. For example, the delay element 
69 delays FBClk 37 by ninety picoseconds to generate skewed 
FBClk 48. Edge counter 53 includes a first two-bit counter 
72 that counts rising edges of FBClk 37 and skewed FBClk 48. 
Edge counter 53 also includes a second two-bit counter 73 
that counts falling edges of FBClk 37 and skewed FBClk 48. 
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Valid cycle logic 54 includes two SR latches 74 and 75. The 
waveforms labeled SRIQb and SR2Qb shown in figure 5 are 
output by SR latches 74 and 75, respectively. 

[0040] Valid cycle counter 41 includes skewing logic 55, 
lock state machine 56, out of lock logic 57 and cycle 
counter 58. Skewing logic 55 includes three latches 76-78. 
Lock state machine 56 includes three flip-flops. Lock state 
machine 56 passes into the lock state and asserts lock 
signal 39 when lock, state machine 56 receives the fullCount 
signal from cycle counter 58. Cycle counter 58 includes an 
eight -bit counter 79 that counts to its maximum count value, 
the predetermined full count number of two hundred and 
fifty-six. Counter 79 outputs an eight-bit signal "s<7:0>". 
Lock signal 39 is asserted when this signal s<7:0> has the 
maximum count value of two hundred and fifty-six <11111111> / 
signifying that the full count has been reached. 

[0041] Figure 10 shows waveforms of various signals on 
nodes of lock detection circuit 36. The waveforms indicate, 
when cycle counter 58 increments and when lock signal 3 9 is 
asserted. For purposes of illustration in figure 10, 
counter 79 is a three-bit counter, and the maximum value of 
cycle counter 58 is eight. Thus, counter 79 outputs a 
three-bit signal M s<2:0>". Waveforms are shown that result 
from thirty sample cycles of refClk 38 and twenty-eight 
sample cycles of FBClk 37. For each successive cycle of 
refClk 38, the waveforms shown in figure 10 illustrate the 
operation of lock detection circuit 36 according to the 
steps shown in figure 8. The number of edges of FBClk 37 
and of skewed FBClk 4 8 are listed that valid cycle detector 
40 counts during each of the thirty sample cycles of refClk 
38 . 

[0042] Before the first sample cycle, lock detection 
circuit 36 is in the no-lock state, and a noLock signal is 
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asserted. In the first sample cycle, validCycle signal 42 
is not asserted because only one edge of FBClk 3 7 is 
detected. During the second cycle, two edges of FBClk 3 7 
are detected and validCycle signal 42 is asserted. In the 
next cycle (cycle three) , a waitForLock signal is asserted. 
Cycle counter 58 counts a first valid cycle in cycle three 
because validCycle signal 42 has been asserted in the wait- 
for-lock state. 

[0043] Between the third and the tenth sample cycles, 
lock detection circuit 36 counts eight valid cycles, and the 
maximum value of cycle counter 58 is reached in this example 
where counter 79 is a three-bit counter. Thus, the 
fullCount signal and the lock signal 39 are asserted in the 
eleventh sample cycle. The lock signal 39 remains asserted 
until cycle 18, when it is de-asserted following two 
consecutive cycles for which validCycle signal 42 was not 
asserted. In cycle fifteen, validCycle signal 42 is not 
asserted in the lock state using skewed FBClk 48 (step 65 in 
figure 8) . In cycle sixteen, validCycle signal 42 is not 
asserted in the lock state using non-skewed FBClk 37 (step 
66 in figure 8) . Thus, a noValidCyc signal is asserted in 
cycle seventeen, and lock signal 3 9 is de-asserted in cycle 
eighteen, despite the fact that a valid cycle is detected in 
cycle seventeen. The valid cycle detected in cycle eighteen 

(step 60 in figure 8) passes lock detection circuit 36 into 
the wait-f or-lock state in cycle nineteen. Therefore, two 
cycles of refClk 38 elapse between step 66 and step 60 in 
figure 8. Although there have been three consecutive valid 
cycles, cycle counter 58 counts a first valid cycle in cycle 
nineteen because validCycle signal 42 has been asserted for 
the first time in the wait-for-lock state. 

[0044] Lock detection circuit 36 asserts lock signal 39 
based on the number of consecutive valid reference clock 
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cycles, as opposed to the total number of feedback clock 
cycles that occur during the total duration of a 
predetermined number of reference clock cycles. Although 
figure 10 shows twenty-two cycles of FBClk 37 occurring 
during twenty-three cycles of refClk 38, there are only 
eighteen valid cycles of refClk 38, Thus, lock detection 
circuit 36 indicates on a cycle-by-cycle basis that FBClk 37 
is not as closely locked to refClk 38 as a comparison of 
FBClk 3 7 and refClk 38 based on average frequency over a 
time period would indicate. 

[0045] In an embodiment where counter 79 is an eight-bit 
counter, valid cycle counter 41 asserts lock signal 39 after 
valid cycle detector 40 detects at least two hundred fifty- 
six consecutive valid cycles. (In the operational steps of 
figure 8, a lock signal is asserted after either two hundred 
fifty-seven valid cycles or two hundred fifty-eight valid 
cycles, depending on the number of valid cycles before the 
wait- f or-lock state is attained.) For a sample FBClk 37 
having a constant frequency nearly the same as the frequency 
of refClk 38, counter 79 counts only two hundred fifty-five 
consecutive valid cycles. In that case, lock detection 
circuit 36 indicates that FBClk 37 is not locked to refClk 
3 8 even though the frequency of FBClk 3 7 varies from that of 
refClk 38 by only l/256 th . Thus, the embodiment of clock 
detection circuit 36 where counter 79 is an eight-bit 
counter has an accuracy of at least 0.4%. The 256th cycle 
will be valid, however, unless the phase shift between FBClk 

37 and refClk 38 is at least half a cycle period of refClk 

38 minus the setup and hold time 45. Thus, the accuracy of 
this embodiment is almost 0.2%. 

[0046] Although the present invention is described in 
connection with certain specific embodiments for 
instructional purposes, the present invention is not limited 
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thereto. Although some embodiments of the lock detection 
circuit, after having detected an invalid cycle, wait until 
the next reference clock cycle to check for a valid cycle 
using a skewed feedback clock signal, other embodiments 
simultaneously check whether a reference clock cycle is 
valid in relation to a feedback clock signal as well as a 
skewed feedback clock signal. Although some embodiments of 
the lock detection circuit indicate whether a feedback clock 
signal of a phase- locked loop (PLL) is locked to a reference 
clock signal, other embodiments indicate whether an output 
signal of a PLL is an exact, predefined, stable multiple of 
the reference clock. Although the lock detection circuit is 
described in connection with PLLs, the lock detection 
circuit can be operatively associated with delay-locked 
loops (DLLs) or serializer/ deserializers (Serdes) . 
Accordingly, various modifications, adaptations, and 
combinations of various features of the described 
embodiments can be practiced without departing from the 
scope of the invention as set forth in the following claims. 
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